Behaviour of the Tubular Columns Filled by Concrete Subjected to Buckling Compression  by Bukovsk´, P. & Karmazínov´, M.
 Procedia Engineering  40 ( 2012 )  68 – 73 
1877-7058 © 2012 Published by Elsevier Ltd.
doi: 10.1016/j.proeng.2012.07.057 
Steel Structures and Bridges 2012 
Behaviour of the tubular columns filled by concrete 
subjected to buckling compression 
P. Bukovskáa* and M. Karmazínováa 
aBrno University of Technology, Faculty of Civil Engineering, Czech Republic 
Abstract 
The paper deals with the possibility of using high strength concrete in case of steel tubular columns filled by concrete 
subjected to compression. Especially the effect of the concrete strength on buckling resistance of the composite columns is 
investigated. The focus of the resolution is the experimental verification of working whereas the behaviour of the 
compressed tubes filled by high strength concrete is compared with that filled by normal strength concrete. The 
combination of circular tubes and high-strength concrete seems to be one of the most effective ways to use the high-strength 
concrete because of eliminating the lack of tensile strength. In the case of high-strength concrete the tensile strength is 
growing not in proportion to compressive strength, but more slowly. This means that a large increase in compressive 
strength is not accompanied by a corresponding increase in tensile and shear strength in comparison with normal strength 
concrete. Confinement of concrete core by steel shell leads to prevention of shear or tension failure whereas high 
compressive strength can be activated.  
 
This paper includes interpretation and evaluation of the results of experimental analysis. A part of the paper is 
introduction of the results of numerical model which has been developed in order to ensure consistency of the output of the 
numerical calculation and the data obtained at the test specimens.  
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1. Introduction 
The advances in technology lead to the increase of the utilization of high-strength materials also in the field 
of composite columns. This raises the question about efficiency of high-strength concrete in the case of circular 
steel tubular columns filled by concrete. Research programme discussed in this paper was carried out in order 
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to investigate the behaviour of the steel tubular columns filled by high-strength concrete. Experimental analysis 
of compressed circular tubes filled by concrete and without concrete was conducted. Within the evaluation 
maximal load achieved during the testing are compared with ultimate load calculated according to Eurocode 
EN 1994-1-1.  The solution includes development of numerical model in software program ATENA.  
 
Nomenclature 
e0 initial imperfection obtained from Southwell line   
Nexp,max  maximal load achieved on the specimen during the testing 
Nreal ultimate load with respect to the buckling calculated according to EN 1994-1-1 with use of real 
material properties 
NRk,nom ultimate load with respect to the buckling calculated according to EN 1994-1-1 with use of nominal 
material properties 
w deflection measured in the middle of specimen after reaching Nexp,max  
1.1. Experimental analysis 
For the loading tests the tubes of the diameter of 159 mm and the thickness of 4.5 mm with the buckling 
length of 3 000 mm were used. Total of 18 test specimens were tested within the analysis. One half of the test 
specimens were tubes of steel grade S235, other specimens were tubes of steel grade S355. The specimens 
were divided into three groups of six pieces. The first group of specimens was tested without concrete, second 
group of specimens was filled by concrete of class C55/67 and third group of specimens was filled by concrete 
class C80/95. In combination with the two classes of steel strength six partial experiments were achieved. 
Overview of arrangement of columns is given in Table 1. 
Table 1.Arrangement of test specimens 
Group of the test specimens The composition of the column 
1 Tube without concrete:  Steel grade S235 
2 Tube without concrete:  Steel grade S355 
3 Tube filled by concrete:  Steel grade S235 + Concrete strength class C55/67 
4 Tube filled by concrete:  Steel grade S355 + Concrete strength class C55/67 
5 Tube filled by concrete:  Steel grade S235 + Concrete strength class C80/95 
6 Tube filled by concrete:  Steel grade S355+ Concrete strength class C80/95 
 
It is assumed that the buckling will occur in the direction of the maximum geometric imperfection, which is 
important for the orientation of test specimens in the test set-up. To investigate the real geometry of test 
specimens the basic geometric parameters of steel members were measured using geodetic methods before 
concreting. The test specimens were gradually loaded by axial pressure in a vertical position. The size of a load 
step of 100 kN was chosen in view of a creep and with respect to the expected resistance of the specimen 
(theoretically calculated). The load test was terminated when there was an increase of vertical displacement and 
horizontal deflection without increasing load. So if the load exceeded the ultimate strength of the tested 
element. The buckling resistance of the specimen is given by maximum load achieved. Illustration of the test 
realization is shown in Fig. 1 (a, b). 
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Fig. 1. (a) test arrangement; (b) test realization; (c) maximal measured  load of specimens 
Real material properties were measured on material specimens in order to compare values of buckling 
resistance achieved experimentally and numerically determined values. The material properties are listed in 
Table 2. The specimens were tested at 37 days age of concrete in case of group 3, at 48 days age of concrete in 
case of group 4, at 56 and 57 days age of concrete in case of group 5 and 6, respectively. 
Table 2.Measured material properties 
Measured material properties 
Concrete C55/67 Concrete C80/95 
Concrete cube strength after 28 days  70,9 MPa Concrete cube strength after 28 days  97,7 MPa 
Modulus of elasticity after 28 days  36,2 GPa Modulus of elasticity after 28 days 45,3 GPa 
Steel grade S235 Steel grade S355 
Steel yield strength 344,39 MPa Steel yield strength 475,39 MPa 
Ultimate tensile strength 425,49 MPa Ultimate tensile strength 604,95 MPa 
Modulus of elasticity 209,20 GPa Modulus of elasticity 199,84 GPa 
1.2. Results of experimental analysis 
All partial tests were conducted in a standard way. During loading process the loading force, vertical 
displacement in bearing and transversal deflection in middle of the length of specimens was measured. When 
testing specimens filled by high-strength concrete, crashes were heard caused by a sudden failure of the 
specimen. In case of these specimens with high-strength concrete low ductility was observed, buckling 
occurred suddenly without a clear plastic phase as it was in cases of specimens without concrete or with 
concrete C55/67. For more information about test results see [1]. 
 
Mean values, standard deviations and variation coefficients of values observed are given in Table 3. Mean 
0
200
400
600
800
1000
1200
1400
1600
1800
B
uc
kl
in
g 
re
si
st
an
ce
 
N
ex
p,
m
ax
 [
kN
]
Circular tube
159/4.5
without
concrete
Circular tube
159/4.5 filled
by concrete
C55/67
Circular tube
159/4.5 filled
by concrete
C80/95
S235
S355
71 P. Bukovská and M. Karmazínová /  Procedia Engineering  40 ( 2012 )  68 – 73 
values of maximal measured load of specimens are depicted in graph on Fig. 1 (c). When expressing increase in 
buckling resistance by percentage it can be seen that the use of high-strength concrete has very little effect on 
the increase in buckling resistance. Filling tubes of steel grade S235 by concrete C55/67 leads to increase of 
buckling load capacity by 101% compared to the empty tube. Steel tube of the same strength filled by concrete 
of strength class C80/95 gives increase in buckling resistance by 115%. In case of tubes of steel grade S355 is a 
buckling resistance increased by 99% for filling by C55/67 concrete and by 103% when using concrete C80/95. 
The base (100%) is taken always buckling resistance of the tube without concrete. 
Table 3.Results of experimental analysis 
Group of the test specimens Mean value   [kN] Standard deviation [kN] Variation coefficient 
1 707,4 27,1 0,04 
2 858,9 8,2 0,01 
3 1422,8 65,39 0,05 
4 1706,7 2,39 0 
5 1524,2 24 0,02 
6 1744,5 24,16 0,01 
2. Evaluation of experimental analysis 
Fig. 2 shows relationship between Nexp,max and Nreal. Obtained points are slightly scattered around the median 
line of the quadrant. This means that the normative recommended calculation of buckling resistance 
corresponds to the actually observed values for all groups of specimens. The largest deviation from the ideal 
line show tubes of steel grade S355 filled with concrete. 
 
From the test data the Southwell line can be obtain providing the initial imperfections e0, which are very 
important for correct creation and calibration of numerical model. The actual initial imperfections received 
from the Southwell lines are presented in Table 4. 
Fig. 2. Relationship between experimental values Nexp,max and theoretical values Nreal 
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Fig. 3. Southwell lines for test specimens of tubes of steel grade S355 filled by concrete C55/67 
Table 4.Maximal achieved loads, initial imperfections and deflections 
Group of 
specimen 1 2 3 4 5 6 
Symbol 
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Nexp,max [kN] 672 738 712 870 850 857 1351 1509 1408 1710 1705 1705 1557 1501 1515 1767 1711 1755 
e0  [mm] -1,0 -0,5 -0,5 -0,4 -0,1 -0,4 -0,1 0,1 0,1 -0,1 -0,5 -0,3 -0,1 -0,4 -0,6 -0,1 -0,1 -0,1 
w  [mm] -0,5 -2,2 0,5 6,7 -3,2 -2,8 -5,2 7,9 10,3 8,7 12,9 -5,1 -3,4 -7,0 17,6 -8,4 -8,3 -6,1 
 
3. Numerical model 
Numerical model has been developed in program ATENA 3D , which is determined for nonlinear finite 
element analysis of structures. Load-deflection responses of circular steel tube filled by concrete predicted by 
the numerical model are compared with corresponding experimental results. Fig. 4 (a) shows load – deflection 
relationships for tube of steel grade S355 filled by concrete of strength class C80/95.  It can be seen that the 
numerical model results are in good agreement with behavior of the test specimens observed during the 
experimental analysis. Numerical model gives the values for the graph in Fig. 4 (b) illustrating the nonlinear 
dependence of transverse strain of concrete to longitudinal strain of concrete. Poisson's ratio, which is ratio of 
transverse strain to longitudinal strain, is not constant but increasing after reaching some value of loading. This 
effect can be explained by inception of micro-cracks. After the creation of cracks volume of material is 
increasing by the area of cracks. 
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Fig. 4. (a) verification of numerical model; (b) dependence of transverse strain of concrete to longitudinal strain of concrete 
4. Conclusions 
x Normative recommended calculation of buckling resistance (according to EN 1994-1-1) corresponds to 
the actually observed values for all groups of specimens.  
x It seems that initial imperfections and measured deflections are independent. 
x The numerical model shows that Poisson's ratio of concrete is inconstant. 
x Research will be continued by using some of the method based on statistical or probabilistic approach, in 
particular the methods of the design assisted by testing (see [2], [3] ). 
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